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0 Nonaqueoua electrolyte-secondary battery. 



© A lithium ion type nonaqueous electrolyte-secondary battery which connprises a positive electrode which 
comprises, as an active material, a compound oxide represented by the following chemical formula (I): 

LixAyMzJmOp (I) 
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wherein A represents at least one alkali element selected from the group consisting of Na and K; M represents 
at least one transition element selected from the group consisting of Co. Mn and Ni; J represents an element 
having a glass-forming ability selected from the group consisting of Si, Ge, P. V, 2r, Sb and Ti; 0.8 ^ xSI.3: 
tey ^0.2; 0.8^z ^2.0; 0.01 Sm ^0.2; and 2.0^p ^4.7; a negative electrode; and a nonaqueous electrolyte. The 
positive electrode-active material permits the production of nonaqueous electrolyte litiilum type secondary 
batteries having excellent charge-discharge characteristics, discharge voltages and cycle properties. 
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BACKGROUND OF THE INVENTION 

The present Invention relates to a lithium Ion type nonaqueous electrolyte-secondary battery which Is 
improved in the discharge quality and the cycle properties or the charge-discharge cycle life. 

5 There have actively been investigated nonaqueous electrolyte-secondary batteries which make use of, 
as negative electrode-active materials, lithium-containing light metal alloys or substances capable of 
absorbing and releasing lithium ions because of their high electic voltages and high energy densities. On 
the other hand, there have generally been use d lamellar compounds which make use of intercalation of LI 
such as LIMn204. LizMnOa, LJC0O2, LiCoo^Nio^O^. LiNiOz and M0S2 as positive electrode-active materials 

10 for secondaiy batteries. In particular, IJC0O2 as disclosed in Japanese Un-examined Patent Publication 
(hereunder referred to as "J.P. KOKAI") No. Sho 55-136131 is useful because it can provide a battery 
having a high discharge voltage of not less than 3.5 V and a high capacity. However, tiie crystalline 
structure thereof gradually destroyed as the battery is repeatedly charged and discharged, the destruction 
of the crystalline structure becomes conspicuous if the degree of discharge is increased for the absorption 

Y5 of Li and the deterioration of the quality thereof proceeds. In respect of the charge-discharge cycle 
properties, however, It requires an improvement In stability of voltage and capacity like most of otiier 
materials for positive electrodes. Under such circumstances, there have been proposed In, for instance, 
Japanese Unexamined Patent Publication (hereunder refenred to as "J.P. KOKAI") Nos. Hel 4-61760. Hei 4^ 
162357, Hel 3-201368 and Hei 4-267053, methods for Improving the charge-discharge characteristics and 

20 cycle properties of these secondary batteries which utilize compound oxides obtained by further adding 
polyvalent transition metals to the foregoing active materials. These methods permit improvement in the 
cycle properties such as stabilization of voltages, but tiiey cannot simultaneously improve battery quality 
such as capacity and discharge voltage. Moreover, the use of many polyvalent metals, in place of metals 
such as Co, Mn and Ni. has variously been proposed, but there has not yet been Investigated any effect 

25 accomplished by the simultaneous use of polyvalent metals and monovalent alkali metals usable in place of 
U. 

SUMMARY OF THE INVENTION 

30 Accordingly, an object of the present invention is to provide a lithium ion type nonaqueous electrolyte- 
secondary battery whose positive electrode-active material is excellent in the charge-discharge characteris- 
tics, discharge voltage and cycle properties. 

The object of the present Invention can l>e accomplished by providing a lithium ion type nonaqueous 
electrolyte-secondary battery which comprises a positive electrode comprising, as an active material, a 

35 compound oxide represented by tiie following chemical fomiula (I): 

LIxAyM^ J™Op (I) 

wherein A represents at least one alkali element selected from the group consisting of Na and K; M 
40 represents at least one transition element selected from the group consisting of Co, Mn and Ni; J 
represents an element having a glass-fomrting ability selected from the group consisting of B, Si. Ge, P, V. 
Zr, Sb and Ti; 0.8 S x^l .3; O^y ^0.2; 0.8Sz ^2.0; 0.01 i^m ^0.2; and 2.0^ p ^4.7; a negative electrode; and a 
nonaqueous electrolyte. 

45 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

According to a first prefen-ed embodiment of the present invention, there is provided a lithium ion type 
nonaqueous electrolyte-secondary battery which comprises a positive electrode which comprises, as an 
active material, a compound oxide represented by tiie following chemical formula: Lix Ay M^ J,„ Op (wherein 

50 A represents at least one alkali element selected from the group consisting of Na and K; M represents at 
least one transition element selected from the group consisting of Co, Mn and Ni; J represents an element 
having a glass-forming ability selected from the group consisting of B, Si, Ge, P, V, Zr and Sb; 0.8 S xSl.3; 
0.01 S y 50.2; O.8S2 52.0; 0.01 5m 50.2; and 2.05p 54.7), a negative electrode and a nonaqueous 
electrolyte. More preferably, In the foregoing formula. A is Na. M Is Co, 0.8 5 x51.3; 0.02 5y 50.1; 0.85z 

55 51 .0; 0.02 5m 50.1; and 2.D5p 52.7. 

According to a second preferred embodiment of the present invention, there Is provided a lithium ion 
type nonaqueous electrolyte-secondary battery which comprises a positive electrode, a negative electrode 
and a nonaqueous electrolyte, wherein the positive electrode comprises, as an active material, a compound 

2 
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oxide represented by the following chemical formula: Ux Gem Op (wherein M represents at least one 
transition element selected from the group consisting of Co, Mn and Nl; 0.8 s xii.3; 0.8Sz S2.0; 0.01 Sm S 
0.2; and 2.0Sp S4.5). This emtMxllment conresponds to the second t>attery In which the positive electrode- 
active material comprises a compound oxide represented by the foregoing formula (I) wherein y = 0 More 
preferably, in the foregoing fonmula, M is Co, 0.9 S xi1.3: 0. 8Sz S1.0; 0.01 Sm S0.2; and 2Mp ^2.2. 

According to a third prefenred embodiment of the present invention, there is provided a nonaqueous 
electrolyte-secondary battery which comprises a positive electrode, a negative electrode and a nonaqueous 
electrolyte, wherein the positive electrode-active material comprises a compound oxide represented by the 
following chemical formula: Ux Ay Tin, Op (wherein A represents at least one alkali element selected from 
the group consisting of Na and K; M represents at least one transition element selected from the group 
consisting of Co, Mn and Ni; 0.8 ^ x:S1.3: 0.01 Sy ^0.2; 0.8^2 ^2.0; 0.01 ^ m ^0.2; and 2.0ip S4.7). More 
preferably, in the foregoing formula. A is Na, M is Co; 0.8S xi1.3; 0.02 Sy ^0.1: 0.8^2 ^1 0- 0 02 ^m ^0 V 
and2.0^p^2.7 

The positive electrode-active material used in the present invention comprises LiM02 or UM2O4 - 
(wherein M is a transition element selected from the group consisting of Co. Mn and Nl) as an essential 
component to which trace amounts of dopants are added, a first dopant comprising an alkali metal such as 
Na and/or K used in place of U element and a second dopant comprising at least one element selected 
from the group consisting of those having glass-forming abilities such as B.Si, Ge. P, V, Zr, Sb and Ti. 
Among tiiese first and second dopants. Na seems to mainly contribute to improvement of tiie discharge 
voltage among n\e charge-discharge properties and an increase in tiie capacity of ttie resulting battery, 
while ttie elements having glass-fonning abilities seem to contiibute to improvement in the capacity- 
maintaining rate among tiie cycle properties. In ttiis respect, it is assumed that the intercalation of Na which 
has an Ionic radius higher ttian that of U and which is less diffusible would stabill2es the structure of tfie 
active material during discharge (during release of U) and establishes a lattice field which makes tlie 
diffusion (absorption, release) of U ions easy and ttiat tiie foregoing effect of Na can tfius be ensured The 
elements having glass-forming abilities or compounds ttiereof effective as the dopants used in the Invention 
may be various substances disclosed in. for instance. R.H. Doremus. Glass Science. Wiley (1973) and 
Minom IMAOKA. The Glass Handbook, p. 880. Asakura Book-Publishing Company (1975), witii B. Si. Ge. P, 
V, Sb, Zr and Ti being particulariy preferred because of ttieir strong glass-fonning ability. More specifically 
most of these elements have atomic radii of not more than 1.3 A and electronegativitie s ranging from 1 8 
to 2. 1 (i.e.. small difference in electronegativity between these elements and oxygen (electronegativity = 
3.5)) and accordingly, have low degrees of Ionic bond with oxygen atom in the compound oxide on the 
order of not more tfian 50%. The elements having glass-fonning abilities contribute to stabili2ation of ttie 
capacities of ttie resulting batteries and improvement of the cycle properties ttiereof ttirough change in 
crystalline structures of the active materials and formation of a soft field favorable for ttie diffusion of U. 

Moreover, ttie second trace dopant has an atomic radius (for Instance, Ge has an atomic radius of 1.23 
A ) approximately equal to tfie transition metals such as Co. Ni and Mn and accordingly, it would be 
believed tfiat ttie dopant is easily replaced witti ttie metals in ttie LiMOz sttucture to ttius fomi a partial 
networi< structure of. for instance, Ge02. This networic structure seems to contribute to ttie stabili2ation of 
capacity and ttie improvement in cycle properties, ttirough ttie fomnation of a soft fieW favorable for ttie 
diffusion of U. If J represents Ge, ttie element Ge contributes to ttie improvement in cycle properties of ttie 
resulting battery ttirough addition ttiereof to a positive electrode essentially comprising UC0O2. UNIO2 or 
UMn204. In ttiis case, ttie optimum such effect is observed when ttie element Is added to UC5o02. In ttils 
case, ttierefore, ttie positive electrode-active material preferably used In ttie invention has a composition 
represented by ttie formula: Ux Co, GSm Op . 

Moreover, Ti seems to contribute to stablli2e ttie voltage (or Improve tfie cycle properties) of ttie 
resulting secondary battery. 

The concentration of ttie dopant effective for ttie improvement of ttie battery quality is limited to ttie 
following range. In ottier words. OSy SO.2 for A (Na and/or K) and 0.0 1 Sm ^0.2 for J. in ttie structure 
represented by the foregoing fomnula: Ux Ay M^ J„, Op . If ttie fractions of added A and J each exceeds 0.2 
ttie capacity of the resulting battery Is reduced and accordingly, ttie addition ttiereof Is ineffective for ttie 
Improvement of ttie battery quality. More preferred ranges of ttiese components are as follows: 0.02 Sy SO 1 
and 0X)2Sm s 0.1 0 respectively, for ttie foregoing first and ttiird embodiments of tiie Invention. 

The positive electt-ode-active material used in ttie invention preferably comprises secondary particles 
having an average particle size of not less ttian 0.1 u and not more ttian 15 u formed ttirough assemblage 
of primary particles having an average-particle size of not less tfian 0.01 u and not more ttian 5.0 u . more 
preferably assembled primary particles having an average particle size of not less ttian 1 u and not more 
ttian 9.5 u formed ttirough assemblage of primary particles having an average particle si2e of not less ttian 
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0.1 li and not more th 2.5 u and most preferably assembled primary particles having an average particle 
size of not less than 3.5 u and not more than 9.5 u formed through assemblage of primary particles having 
an average particle size of not less than 0,1 u and not more than 2.5 u . Moreover, assembled primary 
particles having a particle size of not less than 1 u and not more than 15 u occupy not less than 80%, 

6 more preferably not less than 85% and most preferably not less than 90% of the whole volume of the 
foregoing assembled primary particles. The term "average-particle size" herein used means the mode 
diameter representing the highest frequency-point More specifically, the term means an averaged value 
determined by visually observing particles on an electron micrograph for primary particles, and the value 
determined by a device for detemnining particle size distribution for assembled primary particles. 

10 The specific surface area of the active material In the positive electrode Is preferably greater than 0.1 
m2/g and not more than 25 mVg, more preferably greater than 0.1 m^/g and not more than 5 m^/g and most 
preferably greater than 0.1 m^/g and not more than 3 m^/g. 

The present invention utilizes an active material capable of absorbing and releasing lithium Ions as a 
negative electrode-active material. The active material is preferably an alkali metal or an alloy thereof, a 

16 cart)onaceous material, or a lithium atom-containing transition metal oxide represented by the following 
general formula: Lip MOr (wherein M represents a transition metal at least one of which is a member 
selected from the group consisting of Ti, V, Mn, Co, Fe, Nb and Mo; p ranges from 0 to 3.1 and r ranges 
from 1.6 to 4.1). Examples of the alkali metals or alloys thereof are U metal, U-AI alloys, U-Mg alloys, Li-AI- 
Ni alloys and Li-AI-Mn alloys, with the use of U metal and U-AI alloys being effective. Examples of the 

20 carbonaceous materials usable herein are graphite, naturally-occuning graphite and artificially synthesized 
graphite. 

Examples of prefenred lithium atom-containing transition metal oxides used as materials for negative 
electrodes include those represented by the fonnula: Up MiqiM2q2Mn<,„Or (wherein M represents a 
transition metal at least one of which is a member selected from the group consisting of Ti. V. Mn. Co. Ni 

25 and Fe; p = 0 to 3.1; ql +q2+ +qn = 1; n = 1 to 10; and r = 1.6 to 4. 1). Examples of more 

prefenred lithium atom-containing transition metal oxides used as materials for negative electrodes Include 
those represented by the formula: Up COq V,-cOr . Up Ni., Vi.qOr (wherein p = 0.3 to 2.2; q = 0.02 to 0.7; 
and r = 1.5 to 2.5). Examples of most preferred lithium atom-containing transition metal oxides include 
those represented by the formula: Up CoVO* and Up NiVO* (wherein p = 0.3 to 2.2). Prefen-ed materials 

30 for negative electrodes second to the foregoing lithium atom-containing transition metal oxides are 
carbonaceous materials because of low lithium separation. 

In the secondary battery of the present invention, it is prefen-ed that the active materials for positive and 
negative electrodes preferably have compositional formulas different from one another. The active materials 
for positive and negative electrodes used in the invention can be provided through combination of 

35 compounds whose standard oxidation-reduction potentials differ from one another. For this reason, the 
secondary battery of the Invention essentially differs from those which make use of a combination of active 
materials converted into "non-polar materials incapable of differentiating the positive electrode from the 
negative electrode" as disclosed in, for instance, J.P. KOKAI No. Hei 1-120765. 

The active materials for positive and negative electrodes used in the invention can be prepared by 

40 uniformly mixing desired starting materials (such as oxides and/or carbonates of required elements) and 
firing the resulting mixture, for instance, in the air, or by subjecting these starting materials to a solution 
reaction, with the firing method being preferred. The firing temperature ranges from 400 to 1500 'C, 
preferably 700 to 1000 • C and the firing time preferably ranges from 4 to 48 hours, more preferably 6 to 20 
hours and most preferably 6 to 15 hours. The firing-gas atmosphere used in the Invention is not restricted 

45 to a specific one, but preferably air or a gas having a high oxygen content (for instance, a gas having an 
oxygen content of not less than about 30%) for the positive electrode-active material; and air, a gas having 
a low oxygen content (for Instance, a gas having an oxygen content of not more than about 10%) or an inert 
gas such as nitrogen gas or argon gas for the negative electrode-active material. The positive electrode- 
active material used In the invention is formed into a positive electrode having a desired shape by. for 

50 instance, a method comprising mixing and firing a lithium compound and a transition metal compound; or a 
method comprising firing the mixture and then washing the fired mixture with, for instance, water and/or 
methanol. 

The active materials for positive and negative electrodes used In the Invention are preferably prepared 
by firing a mixture of a lithium compound and a transition metal compound listed below. Examples of the 
55 lithium compounds are oxides, salts with oxyacids and halldes. Examples of the transition metal compounds 
used herein are oxides, salts and complex salts of transition metals having a valency of 1 to 6. 

Specific examples of prefenred lithium compounds used in the active materials include lithium hydrox- 
ide, lithium oxide, lithium carbonate, lithium nitrate, lithium sulfate, lithium sulfite, lithium phosphate, lithium 

4 
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tatraborate, lithium chlorate, lithium perchlorate. lithium thiocyanate, lithium fomiate, lithium acetate, lithium 
oxalate, lithium citrate, lithium lactate, lithium tartrate, lithium pyruvate, lithium trlfluoromethane sulfonate, 
lithium hexafluorophosphate, lithium fluoride, lithium chloride, lithium bromide and lithlu m Iodide. 

Moreover, specific examples of preferred transition metal compounds and compounds of glass-forming 

5 elements are TiQ2 (rutiie or anatase type ones) , lithium titanate, acetylacetonatotitanyl, titanium tetrachlo- 
ride, titanium tetraiodide, ammonium titanyl oxalate, VOd (d = 2 to 2.5; vanadium pentoxide corresponds to 
d = 2.5), lithium atom-containing VOd compounds, vanadium hydroxide, ammonium metavanadate, ammo- 
nium orthovanadate, ammonium pyrovanadate, vanadium oxysulfate, vanadium oxytrichloride, vanadium 
tetrachloride, lithium chromate, ammonium chromate, cot>alt chromate. chromium acetylacetonate, Mn02. 

TO MnzOs. manganese hydroxide, manganese carbonate, manganese nitrate, manganese sulfate, ammonium 
manganese sulfate, manganese sulfite, manganese phosphate, manganese tx>rate, manganese chlorate, 
manganese perchlorate, manganese thiocyanate, manganese formate, manganese acetate, manganese 
oxalate, manganese citrate, manganese lactate, manganese tartrate, manganese stearate, manganese 
fluoride, manganese chloride, manganese bromide, manganese iodide, manganese acetylacetonate, iron 

16 oxide (divalent and trivalent). tri-iron tetroxide. Iron hydroxide (divalent and trivalent), iron choride (divalent 
and trivalent), iron bromide (divalent and trivalent). iron iodide (divalent and trivalent), iron sulfate (divalent 
and trivalent), ammonium Iron sulfate (divalent and trivalent), iron nitrate (divalent and trivalent). iron 
phosphate (divalent and trivalent), iron perchlorate, iron chlorate, imn acetate (divalent and trivalent), iron 
citrate (divalent and trivalent), ammonium Iron citrate (divalent and trivalent), iron oxalate (divalent and 

20 trivalent). ammonium iron oxalate (divalent and trivalent). CoO. Co&Oa. C03O4, LiCo02. cobalt carbonate, 
basic cobalt carbonate, cobalt hydroxide, cobalt sulfate, cobalt nitrate, cobalt sulfite, cobalt perchlorate, 
cobalt thiocyanate, cobalt oxalate, cobalt acetate, cobalt fluoride, cobaH chloride, cobalt bromide, cobalt 
iodide, hexamminecobalt complex salts (salts Include, for instance, sulfate, nitrate, perchlorate. thiocyanate. 
oxalate, acetate, fluoride, chloride, bromide, iodide), nickel oxide, nickel hydroxide, nickel carbonate, basic 

25 nickel carbonate, nickel sulfate, nickel nitrate, nickel fluoride, nickel chloride, nickel bromide, nickel iodide, 
nickel formate, nickel acetate, nickel acetylacetonate. copper oxides (monovalent and divalent), copper 
hydroxide, copper sulfate, copper nitrate, copper phosphate, copper fluoride, copper chloride, ammonium 
copper chloride, copper bromide, coper iodide, copper formate, copper acetate, copper oxalate, copper 
citrate, niobium oxychloride. niobium pentachloride. niobium pentaiodide. niobium monooxide, niobium 

30 dioxide, niobium trioxide, niobium pentoxide, niobium oxalate, niobium methoxide, niobium ethoxide, 
niobium propoxide, niobium butoxide, lithium niobate, M0O3, MoCfe, LiMo2 04. molybdenum pentachloride, 
ammonium molylxJate, lithium molybdate, ammonium moiytxlophosphate, molybdenum oxide ac- 
etylacetonate. WO2. WO3, tungstic acid, ammonium tungstate and ammonium tungstophosphate; P2O5, 
V2O5; elemental Ge. GeOz, Qe(0H)2, 6082, Ge(OH)4, Ge(NH)2 and UGeO*; SiCfe, SiO, B2O3, SbzOa. 

35 SbCIa, ZrOa and ZrN. 

Partlculariy prefenred transition metal compounds usable in the preparation of the positive electrode- 
active materials used in the invention are, for instance, Mn02, Mn203. manganese hydroxide, manganese 
cartx>nate, manganese nitrate, ammonium manganese sulfate, manganese acetate, manganese oxalate, 
manganese citrate, Ck>0, CozCh, CosOa, UC0Q2. cobalt caritx>nate. basic cobalt carbonate, cobalt hydrox- 

40 ide. cobalt oxalate, cobalt acetate, nickel oxide, nickel hydroxide, nickel carbonate, basic nickel carbonate, 
nickel sulfate, nickel nitrate and nickel acetate. 

Particularty preferred combinations of lithium compounds with tramsition metal compounds include, for 
instance, those of lithium hydroxide, lithium cart>onate and/or lithium acetate with MnQ2, MnaOa, man- 
ganese hydroxide, manganese carix>nate, manganese nitrate, CoO, Co203, Ck>304, LiCo02, cobalt car- 

45 bonate, basic coljalt caribonate, cobalt hydroxide, cobalt sulfate, cobalt nitrate, nickel oxide, nickel hydrox- 
ide, nickel carbonate, basis nickel cark>onate, nickel sulfate, nickel nitrate and/or nickel acetate. 

The positive electrode-active material Is prepared by mixing the first and second trace dopants such as 
Na and/or K; and P, V. Si and/or B with the foregoing lithium connpounds and the transition metal 
compounds and then firing the resulting mixture. 

50 The negative electrode-active materials used in the Invention can t>e obtained by chemically incorporat- 
ing lithium ions Into an active material precursor for negative electrode comprising a transition metal oxide 
and/or a lithium atom-containing transition metal oxide. For Instance, the active material precursor for 
negative elecfode is preferably prepared by reacting the precursor witii elemental litiiium. a iitiiium alloy or 
butyl lithium or electrochemically introducing lithium ions Into the precursor. It is particulariy preferred, in 

55 the present invention, to electrochemically introduce lithium ions into the transition metal oxide as the 
negative electrode-active material precursor. Most preferably, lithium ions are electrochemically introduced 
into the lithium atom-containirtg transition metal oxide as the negative electrode-active material. The 
electrochemical introduction of lithium ions thereinto can t>e performed by inducing discharges in an 

5 
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oxidation-reduction system (for Instance, an open system (electrolysis) or a closed system (cell)) consisting 
of a non-aqueous electrolyte comprising a lithium atom-containing transition metal compound (l.e., the 
active material precursor for negative electrode herein used) as a positive electrode-active material and an 
elemental lithium and/or a lithium salt as the negative electrode-active material. As another embodiment 
which is most prefen'ed In the Invention, lithium Ions are Introduced by Inducing discharges In an oxidation- 
reduction system (for instance, an open system (electrolysis) or a ctose d system (cell)) consisting of a non- 
aqueous electrolyte comprising a lithium atom-containing transition metal compound as the positive 
electrode-active material, an active material precursor for negative electrode having a compositional formula 
different from that of the positive electrode-active material and a lithium salt. 

The amount of lithium ions to be Introduced Is not restricted to a specific range, but preferably ranges 
from 27 to 1340 mAh (corresponding to 1 to 50 mM), in particular 40 to 1070 mAh (corresponding to 1.5 to 
40 mM) and most preferably 54 to 938 mAh (corresponding to 2 to 35 mM) per 1g of the active material 
precursor for negative electrode. The cut-off voHages during charge-discharge cycles vary depending on 
the kinds and combinations of the active materials for positive and negative electrodes used and 
n accordingly are not unconditionally determined, but preferably set at a level which ensures a high discharge 
voltage and can substantially hold desired cycle properties. 

The-structure of the compound obtained ttirough firing according to the method of tiie present invention 
Is analyzed by tfie X^ay crystallographic diffraction spectroscopy and the chemical fonnula tfiereof is 
evaluated by ttie inductively coupled plasma (IPC) emission spectroscopic analysis or by determining tfie 
20 difference between the weights of tiie powdery substance determined before and after tfie firing as a 
simplified method. 

The oxides of the positive electrode-active materials used in the present invention may ba in a 
crystalline or amorphous state, but crystalline oxides are prefered. 
1- Ui.o5 Coi.o Geo.03 O2.oa 
25 2. Lii.i Coi.o Geo.o3 Oz,u 

3. Lio.95 Coi.o Geo.03 O2.04 

4. Lli os Coo^ Qeo.03 O2.00 

5. Lii.os Coo.g5 Geo.o5 O2.05 

6. Li 1.05 C01.0 Geo.08 O2.19 
30 7. Lii.05 C01.0 Geo.is O2.33 

8- Li 1.05 Nii.o Geo.o3 O2.09 

9- Lii.o5 Nii.o Geo.o6 O2.15 
10. Lit. 00 Mn2.o Goo.oa O4.oe 
11« Lii.oo Mn2,o Geo.o6 04.12 

35 Examples of the negative electrode-active materials which may be simultaneously used In ttie invention 
are elemental lithium and lithium alloys (such as Al. Al-I^n (U.S. Patent N 4.820,599), Al-Mg (J P KOKAI 
No. Sho 57-98977). Al-Sn (J.P . KOKAI No. Sho 63-6742). Al-ln and Al-Cd (J.P. KOKAI No. Hei 1-144573) 
alloys) as well as fired carbonaceous compounds capable of absorbing and releasing lithium ions or 
elemental litiiium (such as tiiose disclosed in. for instance, J.P. KOKAI Nos. Sho 58-209864 Sho 61- 
40 214417, Sho 62-88269, Sho 62-216170. Sho 63-13282, Sho 63-24555. Sho 63-121247. Sho 63-121257 Sho 
63-155568, Sho 63-276873. Sho 63-314821. Hei 1-204361. Hel 1-221859 and Hei 1-274360). The foregoing 
elemental lithium or lithium compounds are not simultaneously used for making use of dissolu- 
tion/precipitation reaction of. for Instance, elemental litiiium. but are used simultaneously for the introduction 
of lithium ions into the secondary battery. 

Additives such as conductivity-imparting agents, binders and fillers may be added to a depolarizing mix 
for electrode. The conductivity-Imparting agents may be any electron-conductive materials so far as ttiey do 
not cause any chemical change In the assembled secondary battery. In general, the depolarizing mix may 
comprise at least one conductivity-imparting agent selected from the group consisting of. for Instance, 
naturally-occun-lng graphite (for Instance, scaly graphite, flaky graphite and muddy graphite), artificial 
graphite, carbon black, acetylene black. Ketchen black, carbon fibers, powdery metals (such as copper 
nickel, aluminum, sliver (see J.P. KOKAI No. Sho 63-148554)). metal fibers or polyphenylene derivatives 
(see J.P. KOKAI No. Sho 59-20971). with simultaneous use of graphite and acetylene black being 
particulariy prefen-ed. The amount tiiereof Is not limited to a particular range, but preferably ranges fi-om 1 
to 50% by weight and In particular, 2 to 30% by weight. If caribon or graphite Is used, particulariy preferred 
55 amount thereof ranges from 2 to 15% by weight. 

Examples of binders usually used are starch, polyvinyl alcohol, carboxymetfiyl cellulose, hydroxypropyl 
cellulose, regenerated cellulose, diacetyl cellulose, polyvinyl chloride, polyvinyl pyrrolldone 
tetrafluoroetiiylene. polyvlnylidene fluoride, polyettiylene, polypropylene, etfiylene-propylene-diene ter- 
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polymer (EPDM), sulfonated EPDM, styrene-butadlene rubber, polybutadlene. fluororubber, polyethylene 
oxide, polysaccharides, thermoplastic resins, polymers exhibiting mbber elasticity and mixture thereof. In 
this respect If a compound having a functional group reactive with lithium such as a polysaccharide Is 
used, the functional group Is preferably deactivated through addition of a compound having, for instance, an 
isocyanate group. The amount of the binder is not limited to a specific range, but preferably ranges from 1 
to 50% by weight and In particular. 2 to 30% by weight. The filler may be any fibrous materials so far as 
they do not undergo any chemical change In the assembled secondary battery. Examples of ttie fillers 
usually employed are olefinic polymers such as polypropylene and polyettiylene and fibers of. for instance, 
glass and carbon. The amount of the filler is not restricted to a specific range, but preferably ranges from 0 
to 30% by weight. 

The electrolyte used in the invention comprises at least one aprotic organic solvent selected from the 
group consisting of propylene carbonate, ethylene carbonate, butylene carbonate, dimethyl cartDonate, 
diethyl carbonate, -y -butyrolactone, 1 ,2-dlmethoxyethane. tetrahydrofuran, 2-methyltetrahydrofuran, 
dimethylsulfoxide, 1.3-dioxoIane, formamide. dimethylformamide, dioxolane, acetonltrlle, nitromethane, 
metiiyl fonmate, methyl acetate, phosphoric acid triester (J.P. KOKAI No. Sho 60-23973), trimethoxymethane 
(J.P. KOKAI No. Sho 61-4170). dioxolane derivatives (J.P. KOKAI Nos. Sho 62-15771, Sho 62-22372 and 
Sho 62-108474), sulfolane (J.P. KOKAI No. Sho 62-31959). 3-methyl-2-oxa2olldinone (J.P. KOKAI No. Sho 
62-44961), propylene cartx>nate derivatives (J.P. KOKAI Nos. Sho 62-290069 and Sho 62-290071), 
tetrahydrofuran derivatives (J.P. KOKAI No. Sho 63-32872), diethyl etiier (J.P. KOKAI No. Sho 63-62166) 
and 1 .3-propanesultone (J.P. KOKAI No. Sho 63-102173); and at least one lithium salt soluble in the solvent 
selected from the group consisting of. for instance, UGIO4, UBF4. UPFc, UCFsSOa, LiCF3C02. LiAsFc. 
LiSbFc, LiBioaio (J.P. KOKAI No. Sho 57-74974), ilttilum lower aliphatic cari^oxylates (J.P. KOKAt No. Sho 
60^1773), UAICU. UCI. UBr. Ul (J.P. KOKAI No. Sho 60-247265). chloroborane lithium salt (J.P. KOKAI No. 
Sho 61 - 165957) and litiilum tetraphenyl borate (J.P. KOKAI No. Sho 61-214376). Among these, prefen-ed 
are tiiose comprising a mixture of propylene carbonate or ettiylene carbonate with 1 .2-dim6thoxyethane 
and/or diethyl carbonate as a solvent and UCFsSOs. UGlOi. UBF* and/or UPFg as elecb-olytes. The 
amount of these electrolytes to be incorporated Into tiie secondary battery Is not restricted to a particular 
range and can property be selected depending on the amounts of the active materials for positive and 
negative electrodes and the desired size of the secondary battery. The volume ratio of the solvents used is 
not limited to a specific level, but preferably ranges fi'om 0.4/0.6 to 0.6/0.4 in case of a mixture of propylene 
cari3onate or ethylene carbonate with 1.2-dimetiioxyethane and/or diethyl carbonate (when both 1.2- 
dimethoxyetfiane and diethyl carbonate are used, the mixing ratio of the former to the latter ranges from 
6.4/0.6 to 0.6/0.4). The concentration of the supporting electrolyte is not lilcewise limited to a specific range, 
but preferably ranges from 0.2 to 3 moles per one liter of tiie electrolyte. 

Solid electrolytes such as those listed below can lil<ewise be used in place of tiie foregoing electrolyte 
solutions. The solid electrolytes can roughly be divided into two groups, i.e., inorganic solid electrolytes and 
organic solid electrolytes. Well-known Inorganic solid electrolytes include, for instance, litiiium nitride, 
halldes and salts with oxyacids. Among these, effectively used are. for instance, U3N, Lil, LigNb, LiaN-UI- 
UOH. USi04. USiO*-UI-UOH (J.P. KOKAI No. Sho 49-81899), xU3P04-(1-x)USi04(J.P. KOKAI No. Sho 59- 
60866), U2SiS3(J.P. KOKAI No. Sho 60-501731) and phosphorus sulfide compounds (J.P. KOKAI No. Sho 
62-82665). On the other hand, examples of effective organic solid electrolytes are polyethylene oxide 
derivatives or polymers comprising the derivatives (J.P. KOKAI No. Sho 63-135447), polypropylene oxide 
derivatives or polymers comprising the derivatives, ionized group-containing polymers (J.P. KOKAI Nos. 
Sho 62-254302, Sho 62-254303 and Sho 63-193954). mixtures of ionized group-containing polymers with 
ttie foregoing aprotic electrolyte solutions (U.S. Patent Nos. 4.792.504 and 4.830.939 and J.P. KOKAI Nos. 
Sho 62-22375. Sho 62-22376, Sho 63-22375, Sho 63-22776 and Hei 1-95117) and polymers of phosphoric 
acid esters (J.P. KOKAI No. Sho 61-256573). Moreover, polyacrylonltrile may be added to the electrolyte 
solution (J.P. KOK/M No. Sho 62-278774). It is also known to simultaneously use these inorganic and 
organic solid electrolytes (J.P. KOKAI No. Sho 60-1768). 

The separator herein used is an Insulating thin film having a high permeability to ions and a desired 
mechanical strengtin. There are used, for instance, sheets and nonwoven fabrics produced from olefinic 
polymers such as polypropylene, glass fibers or polyetiiylene because of their high resistance to organic 
solvents and high hydrophoblcity. The pore size of tiie separator falls within the range generally used in the 
field of batteries, for instance, ranges from 0.01 to 10 um. The thickness of the separator likewise falls 
within the range generally used in the field of batteries, for instance, ranges from 5 to 300 um. 

It has been known ttiat compounds listed below are added to tfie electrolyte used in the invention for 
ttie improvement off the discharge and charge-discharge properties of the resulting battery. Examples of 
such compounds are pyridine (J.P. KOKAINo. Sho 49-108525). triettiylphosphite (J.P. KOK/VI No. Sho 47- 
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4376), triethanolamine (J.P. KOKAI No. Sho 52-72425). cyclic ethers (J.P. KOKAI No. She 57-152684) 
ethylenedlamlne (J.P. KOKAI No. Sho 58-87777), n-glyme (J.P. KOKAI No. Sho 58-87778), hexaphosphoric 
add triamlde (J.P. KOKAI No. Sho 58-87779). nitrobenzene derivatives (J.P. KOKAI No. Sho 58-214281). 
sulfur (J.P. KOKAI No. Sho 58-8280), qulnoneimlne dyes (J.P. KOKAI No. Sho 59-68184). N-substltuted 
oxazdidlnone and N.N'-substHuted Imldazolidinone (J.P. KOKAI No. Sho 59-154778). ethylene glycol dialkyi 
ether (J.P. KOKAI No. Sho 59-205167), quaternary ammonium salts (J.P. KOKAI No. Sho 60-30065) 
polyethylene glycol (J.P. KOKAI No. Sho 60-41773). pyirole (J.P. KOKAI No. Sho 60-79677), 2-methox- 
yethanol (J.P. KOKAI No. Sho 60-89075). AlCb (J.P. KOKAI No. Sho 61-88466), monomers of conductive 
polymer electrode-active materials (J.P. KOKAI No. Sho 61-161673), triethylenephosphoramlde (J.P. KOKAI 
No. Sho 61 - 208758), trialkyi phosphines (J.P. KOKAI No. Sho 62-80976). morpholine (J.P. KOKAI No. Sho 
62-80977), carbonyl group - containing aryl compounds (J.P. KOKAI No. Sho 62-86673), hexamethyl- 
phosphoric triamide and 4-alkylmorphollne (J.P. KOKAI No. Sho 62-21 TO75). dicyclic tertiary amines (JP 
KOKAI No. Sho 62-217578), oils (J.P. KOKAI No. Sho 62-287580), quaternary phosphonium salts (J.P. 
KOKAI No. Sho 63-121268) and tertiary sulfonium sate (J.P. KOKAI No. Sho 63-121269). 

The electrolyte may comprise a halogen atom-containing solvent such as cartran tetrachloride and 
ethylene trifluorochlorlde for making the electrolyte flame retardant(J. P, KOKAI No. Sho 48-36632). 
Moreover, carbon dioxide gas may be added to the electrolyte for imparting high temperature storabiDtv 
thereto (J.P. KOKAI No. Sho 59-134567). » »- » 

In addition, the depolarizing mixes for positive and negative electrodes may comprise an electrolyte 
solution or an electrolyte. There have been known, for Instance, the foregoing ton-conductive polymers and 
nitromethane (J.P. KOKAI No. Sho 48-36633) and electrolyte solutions (J.P. KOKAI No. Sho 57-124870). 

Moreover, the positive electrode-active material may be subjected to a surface-modification treatment, 
tor instance; a treatment of the suifece of a metal oxide with an esterifying agent (J.P. KOKAI No Sho 55- 
163779), a treatment thereof with a chelating agent (J.P. KOKAI No. Sho 55-163780) and treatments thereof 
with, for instance, conductive polymers (J.P. KOKAI Nos. Sho 58-163188 and Sho 59-14274) and polyethyl- 
ene oxide (J.P. KOKAI Nos. Sho 60-97561). In addition, the negative eiectrode-acHve material may also be 
subjected to a surface-modification treatment, for instance, application of a layer of an ion-conductive 
142771) °^ 58-111276) or a treatment with UCI (J.P. KOKAI No. Sho 58- 

A current collector for the electrode-active material may be all kinds of electron-conductors so far as 
they do not undergo any chemical change in the assembled battery. Examples of materials for these 
current collectors include stainless steel, nickel, aluminum, titanium, calcined carbon, or aluminum or 
stainless steel which is surface treated with carijon. nickel, titanium or silver for positive electrodes; and 
stainless steel, nickel, copper, titanium, aluminum, calcined cartjon, or copper or stainless steel which Is 
surface treated with cartson. nickel, titanium or silver, or Al-Cd alloys for negative electrodes. The surface of 
these matenals may be oxidized. The cunwt collector may have a variety of shapes such as a foil, film, 
sheet, net. punched foil, film, sheet or net. lath, porous bodies, foams or molded article of fibers. The 
thickness thereof is not particularty limited, but generally ranges from 1 to 500 u m. 

The battery may have any shape such as a coin, button, sheet, cylinder or square. In the coin or 
button-like battery, the depolarizing mixes for the positive and negative electrode-active materials are 
pressed into pellets and these pellets are put Into practical use. The thickness and diameter of these pellete 
are determined depending on the size of each specific battery. In case of sheet-like, cylindrical or square 
battenes. the depolarizing mixes for the positive and negative electrode-active materials each is coated on a 
current collector, dried or dehydrated, pressed and then put Into practteal use. In particular, the thickness of 
the coated layer as detemiined after drying and pressing preferably ranges from 1 to 2000 um. These 
pellets and sheets are dried or dehydrated by methods generally used, in particular, vacuum drying 
infrared drying, far infrared drying, electron radiation drying and low humidity-air drying which may be used 
alone or in combination. The drying or dehydration temperature preferably ranges from 80 to 350* C and in 
particular 100 to 250 '0. The pellets and sheet may be pressed by any method commonly used, in 
particular, by pressing in a mold or calender-pressing. The pressure for the pressing is not critical but 
preferably ranges from 0.2 to 3 t^cm*. The pressing speed in the calender-pressing method preferably 
ranges from 1 to 50 m/mln. The pressing temperature preferably ranges from room temperatore to 200 -C 
The sheet of the mix Is Introduced Into a can after folding or rolling to thus establish electrical connection 
between the can and the sheet, tolkwved by Injection of an electrolyte and sealing with a cover plate to give 
a battery can. In this respect, a safety valve can be used instead of the sealing cover. The can and lead 
plates may be produced from electrically conductive metals and alloys. For instance, they are produced 
from metals such as Iron, nickel, titanium, chromium, molybdenum, copper and aluminum and alloys 
thereof. Sealing agente for sealing the battery may be conventionally known compounds and mixture such 
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as asphalt. 

As has been discussed above In detail, the positive eiectrode-actlve material according to the present 
invention permits the production of nonaqueous electrolyte lithium type secondary batteries having excellent 
charge-discharge characteristics, discharge voltages and cycle properties. 
5 The present Invention will hereunder be explained in more detail with reference to the following 
Examples, but the present invention Is not restricted to these specific Examples and the effects practically 
attained by tiie present Invention will likewise t)e discussed in detail below in comparison with Comparative 
Examples. 

10 Example 1: (Electirode-E)epolarizing Mbc, Production of Coin Battery and Charge-Discharge Test) 

The material for the positive electrode herein used was prepared by mixing 82% by weight of a positive 
electrode-active material, 12% by weight of scaly graphite as a conductivity-imparting agent and 6% by 
weight of totrafluoroettiylene as a binder to give a positive electi-odeHJepolarlzIng mix, compression-molding 

IB the mix into positive electrode-pellets (13 mm 0 . 0.06 g) and ttien sufficlentiy dehydrating and drying, over 
not less tiian 2 hours, the pellets in a dry box (supplied witii dried ain dew point ranging from -40 to -70 •C) 
placed on a far infrared heater. The material for the negative electrode herein used was a lithium/aluminum 
alloy (ttiiclcness: 0.7 mm; 15mm 0 ; 0.066 g). A net of SUS 316 having a tiilclcness of 80 u m was used as 
a cunrent collector which was welded to positive and negative electrode cans for the coin battery. An 

20 electrolyte was prepared by dissolving UPFg in 1:1 (volume ratio) mixture of ethylene carbonate and 
diethylene carbonate in a concentration of 1 mole/1 and a separator comprising a microporous poly- 
propylene sheet and a polypropylene nonwoven fabric was impregnated with 250 ul of the electrolyte. The 
positive iand negative electrode-materials were piit on the current collectors and the separator was inserted 
between tfie positive and negative electrode-materials, tfie positive and negative electrode cans were 

25 engaged with one another by a caulking device in a dry box to give a coin-shaped litiiium ion battery. The 
littiium ion battery was subjected to a charge-discharge test at a current density of 1.0 mA/cm^. The tests 
were all Initiated from discharge. The charge-discharge cycle, properties were evaluated by carrying out 
charge-discharge cycles between 4.5 V and 3.0 V. in ottier words, tiie cut-off voltages for charging and 
discharging were set at 4.5 V and 3.0 V, respectively. 
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(Preparation of Active Materials) 



Ck)mparative Sample-1 : Uhium carbonate and cobalt carbonate were mixed in an atomic ratio of lithium 
to cobaft of 1.2:1.0, fired at 800 'C for 10 hours In the air and cooled at a rate of 3*C/min to give 
35 Lii^Co02.i. 

Comparative Sample-2 : Utfilum caribonate, sodium carbonate and cobalt carbonate were mixed in an 
atomic ratio: fitiiium/sodium/cobalt of 1.1:0.1:1.0, fired at 800*C for 10 hours in tiie air and cooled at a rate 
of 3*C/min to give Ui.iNao.iCo02.i. 

Comparative Sample-3 : Lithium carbonate, cobalt caritx)nate and phosphorus pentoxide were mixed in 

40 an atomic ratio: littiium/cobalt/phosphorus of 1.2:1.-0.05, fired at 900 'C for 6 hours in the air and cooled at 
a rate of 3 -C/min to give Lii^ Coo.95Po.o5C>2.i. These comparative samples were formed into pellets 
according to the foregoing method and incorporated into coin-shaped batteries as positive electrode-pellets. 
The resulting batteries were subjected to charge-discharge tests. 

The samples according to the present invention were prepared by mixing, in an automatic mortar. 

45 litiiium carbonate, sodium cartwnate, cobalt carbonate and phosphorus pentoxide in an atomic ratio: 
U:Na:Co:P falling witiiin the range defined below, firing at 800 -C for 10 hours in the air, tiien cooling at a 
rate of 3 'C/min to give compound oxides each comprising these 4 elements. The presence of sodium and 
titanium in \he structure of each resulting compound oxide as dopants was confirmed by the fact that the X- 
ray diffraction pattern did not include any peak which could be ascribed to the oxides of sodium and 

50 titanium and corresponded to the presence of free oxides of tiiese elements as impurities and by tfie fact 
ttiat atomic-absorption spectroscopic analysis and ICR emission spectroscopic analysis of each sample 
exhibited peaks showing tfie presence of these metals. 
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Composition of Positive Bectrode-Active Materials 


Comparative Sample 1 : 
Comparative Sample 2: 
Comparative Sample 3: 
Present Invention 1: 
Present Invention 2: 
Present Invention 3: 
Present Invention 4: 
Present Invention 5: 


Coi.o O2.1 
Lii.i Nao.i COi.o 02.i 

C00.95 Po.05 O2 
Lii.05 Nao.15 Coo.92 P0.O8 O2.1 
Lii.i Nao.i Coo.05 Po.os O2.1 
Lii.i2 Nao.o8 Coo^ Pq.os O2.1 
i-ii.i2 Nao.08 Coo.07 Po.03 O2.1 
l-ii.i6 Nao.o4 C00.97 Po.03 Oa.i 
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The charge-discharge characteristics and the cycle properties of the foregoing samples were evaluated 
and summarized in the following Table 1. The results shown in Table 1 clearly Indicate that the samples 
obtained by adding either Na as an alkali metal or P as a non-transition metal to the active material having a 
composition: UC0Q2 (comparative samples 2 and 3) suffer from a problem of a decrease In the initial 
capacity or the capacity during charge-discharge cycles, while the systems simultaneously comprising 
these two components exhibited stabilization of the capacity during charge-discharge cycles and the 
discharge voltage, i.e., these systems were substantially improved in the charge-discharge characteristics. 

Example 2 

A coin battery was produced by repeating the same procedures used in Example 1 except that a 
common negative electrode, which was substituted for the negative electrode material (Li/AI) used in 
Example 1, was produced by mixing 82% by weight of UCoVO* as the lithium atom-containing transition 
metal compound, 12% by weight of scaly graphite as a conductivity-imparting agent and 6% by weight of 
polyvinylidene fluoride as a binder to give a depolarizing mix, compression-molding the mix into pellets (13 
mm 0 , 0.060 g) for negative electrode and sufficiently drying the pellets contained In a dry box by a far 
Infrared heater. Then the charge-discharge characteristics and the cycle properties thereof were evaluated 
in the same meuiner used in Example 1. 

As a result. It was confirmed that the overall cycle properties of the discharge capacity of the battery 
were inferior to that of the battery in which LI/AI was used as the negative electrode. However, the 
superiority of the positive electrode-active material having the composition defined by the present invention 
was confinmed since the effect of the simultaneous addition of P and Na was almost identical to that listed 
in Table 1, i.e.. there was observed improvement in the cycle properties (stabilization of both voltage and 
capacity) as compared with the comparative samples. 

Example 3 

A variety of compound oxides having the following compositions were prepared according to the same 
procedures used in Example 1 except that manganese dioxide or niclcel carbonate was substituted for 
cobalt carbonate used in Example 1 and firing was carried out at a temperature ranging from 500 to 900 -C 
for 6 to 10 hours. 
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Composition of Positive Electrode-Active Materials 


Present Invention 6: 
Present Invention 7: 
Present Invention 8: 
Present Invention 9: 
Present Invention 10: 
Present Invention 1 1 : 
Present Invention 12: 
Present Invention 13: 
Present Invention 14: 
Present Invention 15: 
Present Invention 16: 
Present Invention 17: 


Ui.t Nao.i Mni.92 Pcos O4.1 
U1.1 Nao.i Mn,^5 Po^ O4.1 
Lii.15 Nao.05 Mni^ P0.08 O4.1 
l-ii.i5 Nao.05 Mni.95 Pcos O4.1 
Lii.oe Nao.o4 Mni^y Po.03 O4.1 
Lii.i Nao.i Nio.92 P0.08 O2.1 
Ui.i Nao.i Nlo^ Po.05 O2.1 

U1.16 Nao.05 Njo.92 Po4)8 02.1 

U1.16 Nao.05 Nio.95 Po.05 O2.1 
Li 1.08 K0.02 COo.87 Po.03 Oz.os 
Li 1.08 K0.02 Mni.97 Pb.o3 O4.05 
Lii.o8 Ko^2 NI0.97 Po.03 O2.05 



Coin batteries were produced using the foregoing pellets of the active material as positive electrodes 
and Li/AI as negative electrodes like the hattery of Example 1 and the charge-discharge characteristics 
thereof were evaluated in the same manner. As a result, all of the samples of the present invention were 
improved in the cycle properties, in particular, in the voltage stability as compared with the comparative 
samples to which either an alkali metal (Na or K) or P was added. Marked improvement in the cycle 
properties was observed, in particular, in the systems to which not more than 5% of Na or K and not more 
tiian 5% of P were added. Moreover, tiie effects attained by Co, Mn. Ni as the main transition metal 
component in the stmctural formula are compared with one another (inclusive of the results listed In Table 
1) and as a result, it is found that the optimum effect of the invention is achieved tiirough the use of Co. 

It can be concluded, from the foregoing experimental results, that particularly excellent battery quality 
and cycle properties would be expected when In tiie general fonmula: Ux Ay Mz Jm Op , A Is Na and M is Co 
and when the amounts tiiereof fall within the ranges: 0.02Sy ^0.1 and 0.02Sm SO. 10, respectively. 

Example 4 

The samples falling within the scope of tiie present invention were prepared by mixing, in an automatic 
mortar, litfiium carbonate, sodium cart>onate, cobalt carbonate and vanadium pentoxide in an atomic ratio: 
U:Na:Co:V falling witiiln the range defined below, firing at 800* C for 10 hours in tiie air, ttien cooling at a 
rate of 3 * C/m\n to give compound oxides each comprising these 4 elements. 
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Composition of Positive Electrode Active Materials 


Comparative Sample 
Comparative Sample 
Present Invention 1 8 
Present Invention 19 
Present Invention 20 
Present Invention 21 


1: 
2: 


Lii.2 Coii) O2.1 
U1.1 Nao.i C01.0 O2.1 
Lli.05 Nao.i 5 Coi.o ^oj>5 Og.i 
Lli.i Nao.i Coi^ Vo,o5 Og., 
U1.12 Nao.08 C014, Voi,3 O2.1 
Lii.t2 Nao.08 Coo.07 Vo.03 O2.1 



Pellets of the foregoing samples were used as positive electrode-active materials to give secondary 
batteries and the charge-discharge characteristics and the cycle properties thereof were evaluated and 
summarized in the following Table 2. The results shown in Table 2 clearly indicate that the samples 
obtained by adding both Na as an alkali metal and V as a glass-forming element to the active material 
50 having a composition: LiCoO? could improve the capacity-maintaining rates among tiie cycle properties of 
the resulting batteries without any reduction in ttie discharge voltage as compared with tfie comparative 
samples 1 and 2. 

Example 5 

55 

The samples according to tfie present invention were prepared by adding boron oxide, silicon oxide, 
genrianium oxide, antimony oxide or zirconium oxide as a glass-forming compound to litfiium cartjonate, 
sodium carbonate and cobalt carbonate, then mixing tfiem In an automatic mortar, firing at 900 'C for 6 
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hours in the air. then cooling at a rate of 2 • C/min to give compound oxides each comprising 4 elements. 



Composition of Positive 


Bectrode Active Materials 


Present Invention 22: 


Ui.o 


Nao.i 


Coi.o Bq^ O2.1 


Present Invention 23: 


U|.o 


Nao.i 


COo.07 Bo.03 O2.1 


Present Invention 24: 


Lii.o 


Nao.i 


C01.0 Oeo.10 O2.1 


Present Invention 25: 


Uio 


Nao.i 


CO1.0 Gl©0.20 02.1 


Present Invention 26: 


Ui.o 


Nao.i 


Coa97 Sioj3 O2.1 


Present Invention 27: 


Ut.o 


Nao.i 


C01.0 Sbojos O2.1 


Present Invention 28: . 


Ui.o 


Nao.i 


Coi.o Zro.o5 O2.1 


Present Invention 29: 


Lii.o 


Nao.i 


Ooi.o 2ro.io 02.1 



Pellets of the foregoing samples were used for the production of secondary batteries and the charge- 
discharge characteristics and the cycle properties thereof were evaluated and summarized in the following 
Table 3. The results shown in Table 3 clearly indicate that the samples obtained by adding Na as an alkali 
metal and B, Qe, Si or Zr as a glass-forming element to the active material having a composition: UC0Q2 
could provide batteries having stabilized capacities among the cycle properties as compared with the 
comparative samples 1 and 2 (see Table 2). 



Table 1 



Sample No. 


Discharge Capacity mAh 


Average Discharge 
Voltage V vs.U/AI 


Capacity-Maintaining 
Rate (%) After 50 
Cycles 


Voltage-Maintaining 
Rate (%) After 50 
Cycles 


1 * 


9.0 


3.90 


67.7 


96.0 


2 • 


9.0 


3.95 


65.4 


87.5 


3* 


8.9 


3.90 


67.5 


98.8 


1 


8.9 


3.90 


67.8 


99.0 


2 


9.1 


3.95 


75.0 


99.8 


3 


9.2 


4.00 


80.3 


99.8 


4 


9.2 


3.96 


80.0 


99.7 


5 


9.1 


3.93 


75.7 


99.0 



*: Comparative Sample. 



Table 2 



Sample No. 


Discharge Capacity mAh 


Average Discharge 
Voltage V vs.U/AI 


Capacity-Maintaining 
Rate (%) After 50 

Cycles 


Voltage-Maintaining 
Rate {%) After 50 
Cycles 


1 • 


9.0 


3.90 


67,7 


96.0 


2* 


9.0 


3.95 


65.4 


87.5 


18 


8.9 


3.97 


78.0 


91.0 


19 


8.9 


3.95 


78.0 


91.5 


20 


9.0 


3.93 


73.0 


93.0 


21 


9.0 


3.93 


73.0 


93.0 



*: Comparative Sample. 
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Tabled 



Sample No. 


Discharge Capacity mAh 


Average Discharge 
Voltage V vs.1j/AI 


Capacity-Maintaining 
Rate (%) After 50 
Cycles 


Voltage-Maintaining 
Rate (%) After 50 
Cycles 


22 


8.5 


3.80 


68.0 


85.0 


23 


8.7 


3.83 


69.0 


87.5 


24 


9.0 


3.95 


75.0 


95.5 


25 


9.0 


4.00 


77.0 


97.5 


26 


8.8 


3.90 


81 .0 


97.5 


27 


8.5 


3.85 


77.0 


90.0 


28 


9.0 


3.98 


80.0 


99.2 


29 


9.0 


3.93 


81.0 


99.3 



Example 6: (Electrode-Depolarizing Mix, Production of Coin Battery and Charge-Discharge Test) 

The material for the positive electrode herein used was prepared by mixing 82% by weight off a positive 
electrode-active material, 12% by weight of scaly graphite as a conductivity-imparting agent and 6% by 
weight of tetrafluoroethylene as a binder to give a positive electrode-depolarizing mix, compression-molding 
the mix into positive electrode-pellets (13 mm 0 . 0.06 g) and then sufficiently dehydrating and drying, over 
not less than 2 hours, the pellets in a dry box (supplied with dried ain dew point ranging from -40 to -70 -C) 
placed on a far infrared heater. The material for the negative electrode herein used was a lithium/aluminum 
alloy (thickness: 0.7 mm; 15mm 0 ; 0.066 g). A net of SUS 316 having a thickness of 80 um was used as a 
cunent collector which was welded to positive and negative electrode cans for the coin battery. An 
electrolyte was prepared by dissolving LiPFs in 1:1 (volume ratio) mixture of ethylene caritx>nate and 
diethylene cartK)nate in a concentration of 1 mole/1 and a separator comprising a microporous poly- 
propylene sheet and a polypropylene nonwoven fabric was impregnated with 250 ul of the electrolyte. The 
positive and negative electrode-materials were put on the current collectors and the separator was inserted 
between the positive and negative electrode-materials, the positive and negative electrode cans were 
engaged with one anottier by a caulking device In a dry box to give a coin-shaped lithium ion battery. The 
lithium ion battery was subjected to a charge-discharge test at a constant cun-ent density of 1 .0 mA/crn^. 
The tests were all initiated from discharge. The charge-discharge cycle properties were evaluated by 
carrying out charge-discharge cycles between 4.5 V and 3.0 V. in other words, the cut-off voltages for 
charging and discharging were set at 4.5 V and 3.0 V, respectively. 

(Preparation of Active Materials) 

Comparative Sample-i : The comparative sample 1 prepared and used in Example 1 was formed into 
pellets according to ttie foregoing method and incorporated into a coin-shaped battery as positive electrode- 
pellets. The resulting batteries were subjected to charge-discharge tests. 

The samples according to the present invention and comparative samples (Comparative Examples ii 
and iii) which had Qe contents different from that of the present invention were prepared by mixing, in an 
automatic mortar, lithium carbonate, sodium cart>onate and germanium dioxide in an atomic ratio: Li: Co:Ge 
falling witiiin tiie range defined below, firing at 800 'C for 10 hours in ttie air. then cooling at a rate of 3 
• Crtnin to give Ge-containing compound oxides for use in making the positive electrode. 
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Composition of Positive Bectrode-Actlve Materials 


Comparative Sample i: 
Present inventton 30: 
Present Invention 31 : 
Present Invention 32: 
Present Invention 33: 
Present Invention 34: 
Present Invention 35: 
Present invention 36: 
Comparative Sample ii: 
Comparative Sample iii: 


Lli.2 Coi.o O2.1 
Lit. 05 C01.0 3eo.o3 O2.09 
Lii.i G01.0 Geo.o3 O2.11 
Llo^ C01.0 Qeo.03 O2.04 
Li 1.05 C00.95 Gso.03 O2.00 
Lii. 05 C00.95 Goo.05 O2.05 
Lii.o5 C01.0 Geo.o8 O2.10 
Lli.05 C01.0 Geo.i5 O2.33 
Li 1.05 C01.0 Geo.25 O2.53 
Lii, 05 C01.0 Geo^o O2.63 



The charge-discharge characteristics and the cycle properties of the foregoing samples were evaluated 
and summarized in the following Table 4. The results shown in Table 4 clearly indicate that the samples 
obtained by adding Ge to the active material having a composition: UC0O2 had improved discharge 
voltages and cycle properties of the discharge voltage (i.e., capacity-maintaining rate). This in turn indicates 
that these samples were substantially improved In the charge-discharge characteristics. It Is also proved 
tiiat the amount of Ge preferably added for the quality-improvement ranges from 3 to 5 mole% and that, as 
shown in Comparative Samples Ii and iii. if tiie added amount of Ge exceeds 20%, the capacity of the 
resulting battery was reduced and accordingly the Intended effect off the present invention could not be 
achieved. 



Example 7 (Simultaneous Use of Negative Electrode of Transition iWetal-Compound Oxide) 

A coin battery was produced by repeating tiie same procedures used in Example 6 except that a 
common negative electrode, which was substituted for tiie negative electrode material (U/AI) used in 
Example 6, was produced by mixing 82% by weight of UC0VO4 as tfie litiiium atom-containing transition 
metal compound, 12% by weight of scaly graphite as a conductivity-imparting agent and 6% by weight of 
polyvinylidene fluoride as a binder to give a depolarizing mix. compression-molding the mix into pellets (13 
mm 0 , 0.060 g) for negative electrode and sufRcientiy drying the pellets contained In a dry box by a far 
rnfrared heater. Then tfie charge-discharge characteristics and tiie cycle properties tiiereof were evaluated 
in the same manner used in Example 6. 

As a result, it was confirmed tiiat tiie overall cycle properties of tfie discharge capacity of tiie battery 
were Inferior to tiiose of tiie battery in which Li/AI was used as the negative electrode. However, the 
superiority of tfie positive electrode-active material having tfie composition defined by the present Invention 
was confirmed since the effect of the addition of Ge was almost identical to that listed in Table 4, i.e., there 
was observed improvement in the cycle properties (stabilization of both voltage and capacity) as corrlpared 
witii the comparative samples. 



Example 8 



A variety of compound oxides having the following compositions were prepared according to tfie same 
procedures used In Example 6 except that manganese dioxide or nickel carbonate was substituted for 
cobalt carbonate used in Example 6 and firing was can-ied out at a temperature ranging from 500 to 900 'C 
for 6 to 10 hours. 



Composition of Positive Electrode-Active Materials 


Comparative Sample Iv: 


Ui.05 


Niio 


02,02 


Comparative Sample v: 


Lii.05 


Mn2.o O4.02 


Present Invention 37: 


Lii. 05 


Niio 


Geo.o3 O2.09 


Present Invention 38: 


Li 1.05 


Niio 


Geox»8 O2.15 


Present Invention 39: 


Li 1,00 


Mn2.( 


) Geo.o3 O4.06 


Present Invention 40: 


Li 1.00 


Mn2.( 


> Geo4)8 04.12 
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Coin batteries were produced using the foregoing peilets of the active material as positive electrodes 
and U/AI as negative electrodes like the t>attery of Example 6 and the charge-discharge characteristics 
thereof were evaluated In the same manner. As a result, it was confirmed that the comparative samples Iv 
and V exhibited tow initial discharge capacities as compared with the comparative sample i comprising Co 
5 as the transition metal component and that the samples 37 to 40 of the present invention comprising Ge 
were all highly improved in the cycle properUes. in particular, the stabilization of the discharge voltage as 
compared with the comparative samples iv and v. 

Table 4 

70 



Sample No. 


Discharge Capacity mAh 


Average Discharge 


Capacity-Maintaining 


Voltage-Maintaining 






Voltage y vs.Li/AI 


Rate (%) After 50 
Cycles 


Rate (%) After 50 
Cycles 


i* 


9.0 


3.90 


67.7 


96.0 


30 


9.0 


4.02 


75.0 


99.2 


31 


8.9 


4.01 


72.0 


99.0 


32 


9.0 


4.02 


75.0 


99.0 


33 


8.8 


4.02 


74.0 


99.2 


34 


8.2 


4.00 


75.0 


97.0 


35 


8.0 


3.95 


72.0 


97.0 


ii* 


6.8 


3.90 


70.0 


96.5 


iii* 


6.5 


3.90 


71.0 


96.5 



*: Comparative Sample. 



Example 9 : (Electrode-Depolarizing Mix, Production of Coin Battery and Charge-Discharge Test) 

30 The material for the positive electrode herein used was prepared by mixing 82% by weight of a positive 
electrode-active material, 12% by weight of scaly graphite as a conductivity-imparting agent and 6% by 
weight of tetrafluoroethylene as a binder to give a positive electrode-depolarizing mix, compression-molding 
the mix into positive electrode-pellets (13mm 0 , 0.06 g) and then sufficiently dehydrating and drying, over 
not less than 2 hours, the pellets in a dry box (supplied with dried air: dew point ranging from -40 to -70 -C) 

S5 placed on a far infrared heater. The material for the negative electrode herein used was a lithium/aluminum 
alloy (thiclcness: 0.7 mm; 15mm 0 ; 0.066 g). A net of SUS 316 having a thickness of 80 um was used as a 
current collector which was welded to positive and negative electrode-cans for the coin t>attery. An 
electrolyte was prepared by dissolving UPFb in 1:1 (volume ratio) mixture of ethylene carbonate and 
diethylene carbonate in a concentration of 1 mole/I and a separator comprising a microporous poly-- 

40 propylene sheet and a polypropylene nonwoven fabric was impregnated with 250 ul of the electrolyte. The 
positive and negative electrode-materials were put on the current collectors and the separator was Inserted 
between these electrode-materials, the positive and negative electrode-cans were engaged with one another 
by a caulking device in a dry box to give a coin-shaped lithium ion battery. The lithium ion battery was 
subjected to a charge-discharge test at a constant current density of 0.75 mA/cm^. The tests were all 

45 initiated from discharge. The charge-discharge cycle properties were evaluated by carrying out charge- 
discharge cycles between 4.5 V and 3.0 V, in other words, the cut-off voltages for charging and discharging 
were set at 4.5 V and 3.0 V, respectively. 

(Preparation of Active Materials) 

50 

Comparative Sample-a - Uthlum cartjonate and cobalt cartwnate were mixed in an atomic ratio of lithium 
to cobalt of 1.2:1.0, fired at 900 -C for 6 hours In the air and cooled at a rate of 3 'C/min to give 
Ui^CoOii. 

Comparative Sample-b : Lithium carbonate, sodium cart)onate and cobalt carbonate were mixed in an 
S5 atomic ratio: Ilthium/sodium/cobalt of 1.1:0.1:1.0, fired at 900* C for 6 hours in the air and cooled at a rate of 
3 'C/min to give Ui.iNao.tCo02.i. 

Comparative Sample-c : Lithium cart>onate, cobalt carbonate and titanium oxide (anatase type one) were 
mixed in an atomic ratio: iitiiium/cobait/t'itanium of 1.2:1:0.05, fired at 900 *C for 6 hours in the air and 

15 
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cooled at a rate of 3 •C/mIn to give Ui^ Coo^Tloj»02.i . These comparative samples were formed Into 
pellets according to the foregoing method and incorporated into coin-shaped t>attertes as positive electrode- 
pellets. The resulting batteries were subjected to charge-discharge tests. 

The samples according to the present invention were prepared by mixing, in an automatic mortar, 

5 lithium carbonate, sodium carix>nate, cotialt carbonate and titanium oxide (anatase type one) in an atomic 
ratio: Li:Na:Co:Ti failing within the range defined below, firing at 900 for 6 hours In the air. then cooling 
at a rate of 3*C/min to give compound oxides each comprising these 4 elements. The presence of sodium 
and titanium in the structure of each resulting compound oxide as dopants was confirmed by the fact that 
the X-ray diffraction pattem did not include any peak which could l^e ascribed to the oxides of sodium and 

10 titanium and corresponded to the presence of free oxides of these elements as impurities and by the fact 
that atomic-afcworption spectroscopic analysis of each sample exhibited peaks showing the presence of 
these metals. 
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Composition of Positive Electrode-Active Materials 




Comparative Sample a: 


Lii.2 


C01.0 O2.1 




Comparative Sample b: 


Lii.i 


Nao.i Coij) Oa., 




Comparative Sample c: 




C00.95 Tiojjs O2 




Present Invention 41 : 


Lii.05 Nao.15 Coo.92 Tio.o8 O2.1 


SO 


Present Invention 42: 


Ui.t 


Nao.i Coo^s Tio.o5 O2.1 




Present Invention 43: 


i-ii.i2 Nao.o8 Coo.9s TI0.05 Og.i 




Present Invention 44: 


l-ii.i2 Nao.o8 C00.97 Tio.o3 O2.1 




Present Invention 45: 


Lit. 16 Nao.o4 Cooj7 Tio.o8 02.i 



The charge-discharge characteristics and the cycle properties of the foregoing samples were evaluated 
and summarized In the following Table 5. The results shown in Table 5 cleariy indicate that the samples 
obtained by adding either Na as an alkali metal or Tl as a transition metal to the active material having a 
composition: UCoOa (comparative samples b and c) suffer from a problem of a decrease In the initial 
capacity or the capacity during charge-discharge cycles, while the systems simultaneously comprising 
these two components exhibited stabilization of the capacity during charge-discharge cycles and the 
discharge voltage, i.e. , these systems were substantially improved in the charge-discharge characteristics. 

Example 10 

A coin battery was produced by repeating the same procedures used in Example 9 except that a 
common negative electrode, which was substituted for the negative electrode material (Li/AI) used in 
Example 9, was produced by mixing 82% by weight of LiCoVO^ as the lithium atom-containing transition 
metal compound, 12% by weight of scaly graphite as a conductivity-imparting agent and 8% by weight of 
polyvinylidene fluoride as a binder to give a depolarizing mix. compression-molding the mix into negative 
electrode-pellets (13 mm 0 . 0.060 g) and sufficiently drying the pellets contained in a dry box by a far 
infrared heater. Then the charge-discharge characteristics and the cycle properties thereof were evaluated 
in the same manner used in Example 9. 

As a result, It was confirmed that the overall cycle properties of the discharge capacity of the battery 
were inferior to that of the battery In which Li/AI was used as the negative electrode. IHowever. the 
superiority of the positive electrode-active material having the composition defined by the present invention 
was confirmed since the effect of the simultaneous addition of Ti and Na was almost identical to that listed 
in Table 5, l.e., there was observed improvement in the cycle properties (stabilization of both voltage and 
capacity) as compared with the comparative samples. 

Example 1 1 

A variety of compound oxides having the following compositions were prepared according to the same 
procedures used in Example 9 except that manganese dioxide or nickel carbonate was substituted for 
cobalt carbonate used in Example 9 and firing was canied out at a temperature ranging from 700 to 900 'C 
for 6 to 10 hours. 
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Composition of Positive Electrode-Activd Materials 



Present 
Present 
Present 
Present 
Present 
Present 
Present 
Present 
Present 
Present 
Present 
Present 



Invention 46: 
invention 47: 
invention 48: 
Invention 49: 
Invention 50: 
Invention 51 : 
Invention 52: 
Invention 53: 
Invention 54: 
Invention 55: 
Invention 56: 
Invention 57: 



Lii.i Nao.i Mni^ Tlo.o8 O4.1 
U1.1 Nao.i Mni^6 Tio4» 04.1 
Lii.15 Nao.o5 Mni« TI0.08 O4.1 
Lit. 15 Nao.o5 Mni^ TI0.05 O4.1 
Lii.06 Nao.04 Mni^7 Ticoa O4.1 
i-ii.i Nao.i Nio.92 Tio.os O2.1 
Lii.i Nao.i Nio.95 Ticos O2.1 
U1.15 Nao.o5 Nio^ Tio.o$ 02,1 
U1.15 Nae.o5 Nio.95 Tio.o5 ©2,1 
Li 1.08 K0.02 C00.97 T^o.o3 O2.05 
Lii.08 i^.02 Mni^7 Tio.03 O4.05 
Lii.o8 K0.02 Nio.87 Tio.o3 02.05 



Coin batteries were produced using the foregoing pellets of the active material as positive electrodes 
and Li/AI as negative electrodes lil<e the t)attery of Example 9 and the charge-discharge characteristics 
thereof were evaluated in the same manner. As a result, ail of the samples of the present invention were 
improved in the cycle properties, in particular, in the voltage stability as compared with the comparative 
samples to which either an alkali metal (Na or K) or Ti was added. Mariced improvement in the cycle 
properties was observed, in particular, in the systems to which not more than 5% of Na or K and not more 
than 5% of Ti were added. Moreover, the effects attained by Co, Mn, Ni as the main transition metal 
component In the structural formula were compared with one another (inclusive of the results listed in Table 
5) and as a result, it was found that the optimum effect of the invention was achieved through the use of Co. 

It can be concluded, from the foregoing experimental results, that particularly excellent battery quality 
and cycle properties would be expected when in the general formula: Ux Ay Mz Tl^ Op . A is Na and M is 
Co and when the amounts thereof fall within the ranges: 0.02 ^y ^0.1 and 0.02Sm S 0.10, respectively. 

Tables 



Sample No. 


Discharge Capacity mAh 


Average Discharge 


Capacity-Maintaining 


Voltage-Maintaining 






Voltage V vs.Li/AI 


Rate (%) After 60 
Cycles 


Rate (%) After 50 
Cycles 


a* 


9.0 


3.90 


67.7 


96.0 


b* 


9.0 


3.95 


35.4 


87.5 


c* 


8.9 


3.90 


67.5 


99.8 


41 


8.9 


3.92 


68.8 


98.5 


42 


9.1 


3.95 


75.5 


99.5 


43 


9.2 


4.00 


80.5 


99.8 


44 


9.2 


3.98 


80.3 


99.7 


45 


9.1 


3.95 


77.7 


99.5 



40 



*: Comparative Sample. 
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Claims 

1. A lithium Ion type nonaqueous electrolyte-secondary battery comprising a positive electrode which 
comprises, as an active material, a compound oxide represented by the following chemical formula (I): 

Uk Ay J„, Op (I) 

wherein A represents at least one aikedi element selected from the group consisting of Na and K; M 
represents at least one transition element selected from the group consisting of Co, Mn and Ni; J 
represents an element having a glass-forming ability selected from the group consisting of B. Si. Ge. P. 
V. Zr. Sb and Ti; 0.8 ^ x^1.3; Oiy :S0.2; O.8S2 ^2.0; 0.01 Sm 50.2; and 2.05p 5 4.7; a negative 
electrode; and a nonaqueous electrolyte. 
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2. The nonaqueous electrolyte-secondary battery of claim 1 wherein the positive electrode- active material 
Is a compound oxide represented by the following chemical fomnula Ux Ay J„, Op (wherein A 
represents at least one atlcali element selected from the group consisting of Na and K; M represents at 
least one transition element selected from the group consisting of Co, Mn and Ni; J represents an 
element having a glass-forming ability selected from the group consisting of B, SI. Qe, P. V, Zr and Sb; 
0.a^ )cS1.3; 0.01 ^ y S 0.2; O.Qta 0.01 im ;S0.2; and 2.0Sp ^4.7), a negative electrode and a 
nonaqueous electrolyte. 

a The nonaqueous electrolyte-secondary battery of claim 2 wherein, In the chemical formula (I). A 
represents Na and M represents Co; and 0.8^ ^ 1.3; 0.02 ^ y SO.I; 0.8S z i 1. 0.02$m S0.1- and 
2.0;^p ^2.7. 

4. The nonaqueous electrolyte-secondary battery of claim 2 wherein, In the chemical formula (I), A 
represents Na; M represents Co; and J represents P or V. 

5. The nonaqueous electrolyte-secondary battery of claim 1 wherein the positive electrode-active material 
Is a compound oxide represented by the following chemical formula: Lix Ge„ Op (wherdn M 
represents at least one transition element selected from the group consisting of Co, Mn and Ni; 0.0^ 
1.3; 0.8^z ^2.0; 0.01 Sm ^0.2; and 2.0^p S4.5). 

6. The nonaqueous electrolyte-secondary battery of claim 5 wherein, in the chemical formula of the 
compound oxide. M represents Co; O.ftSx ^1.3; 0.8Sy St.O; 0.01 ^0,2; and 2. O^p S2.2. 

7. The nonaqueous electrolyte-secondary battery of claim 5 wherein the compound oxide positive 
electrode-active material has an average particle size of not more than 2.5 um. 

a The nonaqueous electrolyte-secondary battery of claim 1 wherein the positive electrode-active material 
is a compound oxide represented by the following chemical fomtula- Lix Ay Ti,„ Op (wherein A 
represents at least one allcali element selected from the group consisting of Na and K; M represents at 
least one transition element selected from tfie group consisting of Co, Mn and Ni; 0.8 ^ x^l 3* 0 01 iy 
^0.2; 0.8^z ^2.0; 0.01 ^m ^ 0.2; and 2.QSp ^4.7). 

9. The nonaqueous electrolyte-secondary battery of claim 8 wherein, in tiie chemical fomiula of the 
compound oxide, A represents Na and M represents Co. 

10. The nonaqueous electrolyte-secondary battery of claim 8 wherein, in ttie chemical formula of the 
compound oxide, A represents Na; M represents Co; 0.8 ^x SI .3; 0.02 Sy S0.1; 0. 8Sz SI 0- 0 02 Sm 
S0.1;and2.0SpS2.7. 

11. The nonaqueous electrolyte-secondary battery of claim 1 wherein a compound oxide containing Li, Co 
and V is used as an active material for tiie negative electrode. 

12. The nonaqueous electrolyte-secondary battery of claim 1 wherein tiie nonaqueous electrolyte com- 
prises a propylene carbonate or ethylene carbonate-containing mixed solvent and a supporting salt. 

ia The nonaqueous electrolyte-secondary battery of claim 1 wherein a carbonaceous material is used as 
an active material for tiie negative electirode. 

14. The nonaqueous electrolyte-secondary battery of claim 1 wherein tiie nonaqueous electrolyte com- 
prises a mixed solvent containing at least two members selected from the group consisting of 
propylene carbonate, etiiylene cariaonate. diethyl cartjonate and methyl propionate and a supporting 
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